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(57) Abstract: An optical transmitter of CS-RZ modulation for 

further increase tlie SPM-GVD resistance and an optical fiber 
transmission system having tlie same are disclosed. Tlie optical 
transmitter comprises a carrier source, a data modulating section 
for intensity-modulating the carrier with a data signal, a clock 
modulating section for amplitude-modulating the carrier so 
that the phase of the carrier is inverted for every one-bit slot of 
the data signal. The optical transmitter is characterized in that 
the carrier is given a prechirp by the carrier source or the data 
modulating section. 
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So 

(S PM-GVD^MW 
;^-rA{^*5V>X{i. ^:7T-l'/^'t'(^lSft:9-t!i: (GVD : Group Velocity Disp 

ersion) yf7r^y<'px^c^0mm^^j3M(D~^(D^Bmmm^m ( 

SPM:Self Phase Modvilation) iim^^t)^ ^X^\^M:iir^ SPM-G 

iiZitmmm-dm^-t^^ti<iti:^o n^wom (ber) xiB:m-yp^7'M.<Dmi 
^mm-^ t ^m^\iitiy<'7-i)m±xh s t ^mmyt^mmc x^x 

BER^ii^^-fbU. M^l^Xh^tytSNR^iUzXr^XBER-^mit-r^o :i(DX 
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WT-fi k e r r #^ n 2 > 0 . D B»?Sit;65:^^# V ^jti§iScO{iLti;dSgix 

^::^iR]T'fe^„ -^r-eOT-cjis PM(7){iL*Sv':7 lt. .s pm<^ 

:/(^iR]#Sr«-rr<J:tc-t-5„ iift^fjifcv^-r 

t LTW^$t^/Co ({^Jx.{iSaito et al., " Prechirp Technique for Di 
spersion Compensation for a High-Speed Long-Span Transmission 
" , Photon. Technol. Lett., p.74, 1991) ^mi-±^tifz.^Wc^^r'y<^ :^ 

:d^^j:t>^otcf:n^. i^M^wc (GVD) (Dwmi^^^mm^i^M^-r^^mco— 
mM<D-7 T -( y^-^mmt s PM-ovo^m) 

\^^t^h^o yty]} h:y{Bm(D;^:^=.XJ^tLX^<^btiX\^^^Xo{^. 

\^^-DX^^/v^-mmim<f^^b. $ej}cspM;o^^^c-^-r</^^o Km^iEn 

:9'i6:(^TT'^M-rs t s pm^^— :7°{i/>vu;x ■^lu^fxfa ^-^(dx^ s pM(D|S 

^f^^l^tJt^l'te 9 CDT'/^V >PS 19 fi. ) lEM'jm-^^^B^'^^COlot^ S PM- G V D 
DM ; Wavelength Division Multiplexing) T'f±. %-7 r ^^(OWi^W^^ 
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v^y;^7 (SiOa) ^'y^:7T4y<amm';^Wi: (MiSSts^iEiSiS^j^^itv^) 
^^<50*^^^i#L:/t3fe7T-r/-<fiSMF<bBf{m6 (ITU-T#^G.652) » 

^^ifv^-tr^bf9. \^x^^^£iE^'AWcm^mz.^?><D{ii^mmmmx^^ 

0{rfe5 J;9J'£~^mT#lf (Mach-Zehnder^^lf) (^fll^tr LTV^^So #T 

iSjiS^iI'I^* U -fiM^ftfi^ (r e a 1) (DiE(D^\^^^nt\^X. ^ 

r;6>bOlHI^4■T?^LTV^;5o -fi+iS^fiB^thlHlij;^!"]*!: bTV>-5o arml ( 
t) <i:a rm2 (t) (D^tm^^^^X. "ttl^O^^f^^^ hJ^Xh^^fi^Hit} 

ytS (t) ;!)>:*:v^^f^T■^S7i>tLTV^6o tftfiloa^^ t t 2^ t 3 <!r v^9 J: 
5 t^ljyj 0 ^J:?!)^ hUm-t^o . m^M.Xh^ t l (Dm.^.Xit arml (tl) <!=ar 
m2 (t ly (D^if^ hMtm^\ ^^^^ h/^S (t l) am:k. o*«9^p^ 
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mil (a) ^■^Pnsh.FuimmmcD^^-y^:^^^mi¥^mmi-^mx^h^ 

^<Dmm:)^mc^<.X. Ma rm03fett/>'7V^^f*^f^;6Se>^^i-<5(DT'. 

t^0i^^i6n/2 (rad) -^X<±m^yv-r^t (tl-.t2) . ^^^^ 

S (t2W«n(cSa„ rcDHI-Ctt^efC;, (rad) h LfcB# 

mil (b) i±mil (a) ^armlfcft^o;^:^^. (rad) ^X^m^^ 

■y V ^'^^'^'^-mm^^m3^t^^ML'h'^xm^^^fz.^(om=f'X-h^ - 

mil (c) f*a rinl<ira rm2<D<S:;|Sv':7h4<^Jt;iS|gIl 1 (a) i-jgn 
1 (b) (^^O^^T'feSo 

So if*:fc^i^(7)LiNb03 (LN) ^m^ximi^^ vm(o\iGt^E(o^o\z.U'^^ 
^im<Dm 10 a, (A) m(D^mxa,mmmmixh^^ i^mt^^.:^mzmL 

Iili2 U) W»<7)cs-Rziimlf-c:■ffl^^e>i^T^^s rz#-cut. x 
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. Hi 1 (a) Oct 5^.?^^— :7'l->^t^)^pSrll?iLTV^5o 

mi 2 (b) i-x^B^m&^i^^h^Mi^i^m^tLX^^^ rzw-cut. x ( 
Y) mi^m (-m-^mmm.) j mm^(Dmmxh^. :i(DmmxnGNDm(DT 

v-^hfi. m^Mi-tT:y^<'7:^P>fj::A^^mHcm^tfi:^tH^. HI 1 1 (c) (DJ^ 
11112 (a) (Dmi&Xmil (b) <D X ^ K^m-t ?3 (D\Zit^X . %^<U — 

mi 2 (c) (1 rx (Y) $ft-c u t. Y (X) {-mmmm j ^ 

Pt?<^lffit-t^-fcSo rr^' rx (Y) $A-c u t. Y (X) ^-fsisj {i. rx$ft 

-cut. vm-BM} hi.<ii FYli-cut. X^fsMj ^EB*LTV^So ^ 

^:Lt-d>x^^o i-^cC^-^m 1 2 (a) <bl^^t^f^^--7'i^;^7je^li;65ff;t§o 
/cfc L 2 o(D a r mX^^ LfdMi>':7 h ^fr 9 - i: /^V ^ 

(C S-R Z) 

arrier-Suppressed Retum-to-Zero) :fj^^^ML.XV^^ C 320Gbit/s (8X4 
OGbit/s) WDM transmission over 367-kin . zero-dispersion-flattened li 
ne with 120-km repeater spacing using carrier-suppressed retum-t 
o-zero pulse format" , Y.Miyamoto et.al, Optical Amplifiers and it 
s Applications 1999, PDP) » 
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HI 1 3 (c^(Digii^ifj55t^^-ro ±m-tr-^mm^ i s i i: ^ n y^^mn^ 

1 3 2\Zj^i)^fLX\f^-^o '^ri.^fl^Um^t bT2 0(7DigSjm^ig-t-'5Push- 
Pulimt5M<7)LiNb03 (LN) '^P^7)5ffiV^btLTV^-5, ^tb b L N^p|§{± 

7='-i^^^fl^ l 3 ITIi. LN'^lif^{±-Mc7)tBM6<j/^NRZ (Non-Return 
to Zero) n^r(D^'—'^m^-QWm^tlX\,^^, 

^ny^ ft-^^ 1 / 2 C L K i: Hl^-T 5o 
- □ ^ ^pgjj 1 3 2 JC^V ^§ L N'^»i^(^)x-«-i' T^M-rfj:t>ib7<tl 0 V 

(Dm(Dmmit^ f f {::/^s^.<i:-r>5o ^i}^^xmmimami4iZ7ik^xo 

li^^J:^o f^s^(Drz.it>^At!-A^CW (continuous wave) ^<^B#^%x.§ i: , ^ 

Tfe^ □ y^it-^(D^^^ h/u^M.^ tmmmmi±^nx\,^^tzi^, rtL^c s 

(Carrier-Suppressed) r?' n 5/ ^ {f i: iq^^^ 

:itiibNRZT'—^mmU ISlirCS^P 13 2 ^a^ij^^i-s 

w <!:: J; o TM#(^)^SIi;eiS5i e>tL^ r. (7) i if y h UK\tmf)^mM VTzl ^uyi^ 

CS-RZ^Pit-^-fi, 1, 0. - 1 (75 3 0(Dv'>'7}?yU^^tOo CrT'lf-^Sg 
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c s - R z mm:^^<Dm^ism(Dm]^it.. r z mm:^m^m^t (Dm 

^<ik%(o c s - R z \,W^<o R z it-^T spm-gvd» 

^ e>J^i^i-fc^(7>c s - R z^p:;^5S:(;95titft^fiSt)«-eJ^.^W-r57fc37 7'^y<c 
^Eil^ v';^ A ^^-f § i: ^ g 6^ <i: -r ^ o 

■^65&?F^;e»5 N R Z ^m)l^(0 yi^—7yV<Di^ (D-Q^ tT^. 
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mmK "^-^-yH^m-n-mm (ea) ^mm^^m^^^t^wmt-r 

So 

^wmc^^^mmmm.ii. ±m(Dytminmmi^i^^^x^ Suispush-Pu 

^■^mw:;^m^mmxh'o . ^^o. mtmmmmmt^hmmtmiim^m.-^xcDm 

Wavelength Division Multiplexing) iiff ffi yr^-^^t \^X—^^^\Z.fi: ^ o 

-^•h^im.^±^i-jiii^m^^nr^mmz:-i6\^x\-t. ^-'^mm^\z.i^\^^xs-p 
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. B^i^ 5 ^ 3 l^^m^ ^XM^ta bfCo tcfd U C S tJ' P ^ «^ WT" 

y 5^^--7°(iS PM-G VD^^{b^ii:S LT L*VN$f ^ U< t hM.m Lfc 

o v^ox^^ Lfzmmit. cs-i^viy^ m-m^mf^com^i^ t m^m\z.\-mkrr 

mi 5 (a) {i. ^^<Dcs-RZ^m:Jj^in^-xh^o cs-Rzmm:^ 

:immx^^o 

{^^(D^u^f- -Y—y^H^-r^ X 0 icmm l/c l N^p^tc j: o t n r z '^ig l 

7tiJ-a-efc5o r (^^{t^Xfi. Mii'S<753l^7)5 1 ->- 1 t» b< 1 ^ 1 (D^-g-t:: 

^i^x^^^ ^ t hmi^-x^ 

mi5 (c) CS-RZ|gi^;^5t(7)CSiJ'n >;/>7'^|||^(CjoV^T. HI 1 5 

( b ) tmch N^m^<Dmmm^ x^xcs^r^^yi^ « i^tim^xh^o ^ 

t^ft^T'fi. ^^iply^s 0 < — ^ 1 ^m^ir^!^(Df-^—-:f(D\^^ t 0 * — *- 1 ^31 



ucnrmirv ^\Air» nonsiieviAi 1 
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m 2 It. if.mm(r>m 2 ^mmm\^^^itmn^m.(om^mx^^^ 
m 3 \t. ^mm(om 3 <^mimmizj:^^minmm(Dmmmxh^^ 
m 4 it. if.^m(o% 4 <omm^m\z.^-^%m^^m.<Dmimrr:^:b^ 

m^^. (c) tt^^-yH-^CS-RZ:^iZ^i,^x<Di,<D-X:-^^^ 

m9^\t. ^^m<D^m9ji^mm-t^tc<b(Dmm^:^m.m^m^mti±mm 

mint. -yt^Tmiy6mmm(Dmi^^:7:^^-^xum-t^mxh^. 
mi2it. LN±mm^(Dms5^^mm-r^mmmxh^^ 
mi3it. J; s c s-RzmMmm(Dm^mxh^^ 

mi 5it. ^mcDyv^-Y^y:^H^i^t^cs-Rzmm^^iz^,^xcDmm 
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L N^p^ 10 3 r-N R Z '^P^ixSo C S i?- n '^P]^ 10 2 OPush- 

P#^l 0 3 i: LTH 12 (b) (D#fit^1*o'^^pt§^^V^/Co 

2A;^M<Z)Push-PuUM<^LN^f|^l 3 3^fflV^TV^5o CltLtllMbTT^IgB^ 
-T?(i^^-7'^{t^-f-5LN^p^l 0 3^ffiv^-cv^;5^.365^?'^So *:fcgij<!5i:6^ 
yht bT. =K&5l5S^R^-e{*2 A;'3M<75Push--Pv!llM<^LN^ll|fgl 3 3?: 

t:L^x\ ljtM<D c s - R z m^:}j^xi±y'—'^mmu i 3 i (iN r z ^f^:^ 

^y^—^y h<DmM.im^-xmW}^fix\f^tzo T'—'^^mui 3 i<Dmmy^— 

fiR zmmy^^^^^ji^o \^t^\^fj:i}^h^wn(DT'—-^uWiU 101 (Dmny:t— 

^9hX^^, r:>%K)7'—i>mm% \ 0 l(7?LN'^p^l 0 3 (7?igffi)ff ^i: LT. 
MmU2 0 1 i,Z.EAmm^2 0 3 ^^V^TV^S;^.-efc^o E A{iElectro-Absorp 
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<^mmmmxnmmmm-A-4 oGhXs tmmx^^tz.!^^ mm^2 o 3 t^m 
D yi^mm^i 0 2x^i.mt-t?>^^-^u:^m(Dyt^m^t ur. 2-D(Dmn 

— 0(Dffi^{t-^A;^T-Push-PuUib{'^T't ^ L N^^^S 0 4 {i, m i 2 ( c 
) i^^irJ^oizA:hm^i::J:^X±ir^mmK =^mi(D2^(DT—J>.xmm^ 

^m-e#So ^1, m2(DmmmMxm^^fzx^f£2x:hm(DT^Nm^i 0 4 
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mi 2 (c) tc^i-j;5''^ rx (Y) $ft-c u t. Y (X) mi^mi mmi^x 

M3gco|iL$/£(l:;e)^^j^||6^^cttfc*'9fflV^6tL-rs aEt^Ull 2 (a) , (b) 
K^Vfz rzfft-cut, X (Y) S^S;65fflV^6tLTV^So -SfcCS^ 

ny^^^mkz. rx (Y) $ft-cut. Y (X) mmK^^—xt3^(o 

i?)<^^^l§4 0 3 ^giJiiilxL^ <t J: oT. /■^Vu-^iiil^/NVu^'.jf^tfc/^ i^OjltR 
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mi^-xummm^ t^co^^m^^^ t^^mmm-r^^ 

ft{*{^{^^fp^^/^oTv^^„ eati^fiSMF s o kmx e ^4 s o k 
«^P<bL7tT^(^p^^^T^^^S^T'$>s. /l^cocs-rz (o) . cs-rz 

(P) . CS-RZ (m) i±^r-Zfmm^mi.X^<0^ CS-RZ (0) fi^ 
ir-^/iL m^mr) \ CS-RZ (p) {±SPMcbS^^fp](;:)^^-^f^^ 
. CS-RZ (m) «SPM<!:|^;fy|^©^^^^^^^^^^L.T^^S„ 

«-tim;^;a^i«< /^^i: S PM-GVDmtiC^-oXT^r^mflxl^Km^^t 

. CS-RZ (m) ^i^;^^. CS-RZ (0) ^m^^. :^mmicj:^ 

^^^nfccs-Rz (p) mmy^^^mMjzmK. 

m? (a) iiRZm^^i^^l.^X. m? (b) fiCS-RZ (0) '^P^^ 
^'0V^T. m? (c) fiCS-RZ (p) ^P:;^^CO^^TO+9dBmB#<75T 

m^^M. ^^^^'T-'^mmmcxsPMtm.n\^^<D^^^^^H^-^^-i, 

^Xbtr2dB<i:i-5i. itm±PI.^'^^ftt(i. R Z '^^:;^^;6:> e> C S - R Z ^i^ 
■^^\^-t^:Lt\C^^xmi. 6dB. ^e^t'^^^^ft^MCS-RZ^P:;^ 
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10k mo^Eiiip Bmm/mi^ic bx 1 2 . 5 %<DwmKnm-t^ 

o 

^ -y^n^m c s - R z ^p;^5^<75 c s - R z s e:^#ft 4^ 

&.±(Dmm^Wcm (± l e p s/nm/km) Xtt. ^<D[r] t 

f?iJ(7:)CS-RZ (0) . CS-RZ (p) , CS-RZ (m) it^^—^mm^ 
^LT*3«9. (0) {i^-r— ;7'/ctL m^mFr) > (p) fiS PMi:K^::fyr^(D 
=f-^—yH^. (m) {is PM<^|53:;^fp](D5^-v-:7^^^|-^Sr^*bTV^5o 

S - R Z a^P^5t;5S^iiXS55 r <b ;6'it>:d>5„ 

(^)X{i/ce < . ^m<Dm.^'^'^mM7!)^'^mxh So 

, r^xJSAi^'H^ti s PMi:s*i-[^^(^7"y -^^-y^H^-r^^^m^m^x^ti 
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fiimibT. ^^mi^mm±im^^tmm^^mmvxmmvxhJ:\^\ 

^J(i^ CRolland et.al, " lOGbit/s, 1.56 /im multiquantum well InP/I 
n GaAsP Mach-Zehnder optical modulator" , ElectronXett., p.471, 1 

993{zm7jk^ti^ i,(Dxh^o ^fC'^</^^Wax-^yK=i^-mitummm^^m. 

^^xh^\^\ 
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3. mi^'r — ^^im-^O'^m^^NRZ (Non-Return to Zero) m^:^^ 



4. m^v'—i^im-^O^mt^RZ (Return to Zero) 
^^t t-r^ 1 7!7ii 4 O V ^-f 1 ^SicfaittZ^^illit^Bo 
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8. mmr-^mmmK -f-^-yH^mm^m^i^m. (ea) ^mmm^ 
12. m^m i7bmii<D\. ^-rtit- 1 mi-m^(D^mmm t . mtmm 
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